The aetiology of congenital cerebral diplegia has been controversial since the earliest medical interest in the condition. Some authors have considered birth injury to be directly causal in the majority of patients (Little, 1862; McNutt, 1885; Gowers, 1888) . Others have postulated the existence of some underlying intrinsic abnormality of maternal reproductive capacity causing both disorders of parturition and abnormalities of the foetus (Freud, 1897; Collier, 1899; 1923) . Penrose (1938) suggested that diplegia with mental defect might be the result of a Mendelian recessive gene which could also be manifest as true microcephaly without diplegia.
The present study describes investigations into the reproductive histories of mothers in two series of diplegic patients, which aimed at discovering whether their reproductive capacity was impaired or not.
Terminology and Classification of Patients
By 'diplegia' is understood a more or less symmetrical paresis of cerebral origin, more severe in the lower limbs than the upper and dating from birth or shortly afterwards. The legs and pelvis are underdeveloped. Mental defect, epilepsy and strabismus are commonly found. The category excludes patients in whom involuntary movements or ataxia are marked clinical features. Diplegic patients may be further classified according to the state of muscle tone in the affected limbs, the extent of limb involvement and its severity (Balf and Ingram, 1955) . Patients with diplegia of postnatal onset were excluded from the series.
Selection of Patients and Methods of Study
Two series of mothers were studied, the first (Series A) consisted of 78 mothers of 79 diplegic patients (there being one pair of affected identical twins). Three other patients were one of twins. These patients were born between 1938 and 1952 and were living in Edinburgh in 1952 to 1953 when a survey of cerebral palsy amongst children in the city was undertaken. Forty-nine of the patients were boys and 30 were girls. Their cerebral palsy was actively ascertained in a number of different ways and it is probable that this series of patients is representative of children suffering from congenital diplegia in the community (Ingram, 1955) . Detailed family, birth, developmental and medical histories were taken from the mothers. Questions about the course of other pregnancies, the health of the patients' sibs, and the mothers' own health were asked specifically. Maternity hospital notes of the patients and their sibs were obtained, when available, to supplement information given by the mother. The sibs were inspected wherever possible and if there was any suspicion of congenital malformation or neurological abnormality they were examined if permission was given. Unfortunately the study of the mothers' reproductive histories was incomplete. The investigator neglected, for example, to obtain the date of the parents' marriage and full details of mothers' contraceptive habits or menstrual histories in many cases. Nevertheless, the results of the investigation suggested that the mothers of diplegic patients were relatively infertile, had many abnormal pregnancies, labours and deliveries and produced relatively few healthy offspring of average intelligence (Ingram, 1959) .
In order to confirm these findings and to remedy deficiencies in the earlier investigation a further, larger series of 200 mothers with children suffering from congenital diplegia was studied (Series B from diplegia or it may merely reflect a tendency for parents to refer their first-born diplegic children more readily than those born later.
Maternal Age. The distribution of mothers in series B by age at marriage was compared to that for mothers in the general population of Scotland (Registrar General for Scotland, 1951) . There is a tendency for the age at marriage to be greater in mothers of diplegic children, the maximum marriage rate occurring in the age group 25-29 years, whereas the rate in the general population is highest between the ages of 21 and 24 years. The older age of marriage of the mothers of diplegic children may be partly a reflection of the relatively high proportion of fathers in social classes I and II, in which marriage tends to occur later than in the other social classes.
Maternal age at the time of the birth of the patients in both series was studied and compared to the age of mothers of all live births in Scotland in 1951 (Fig. 2) . In both series there are more mothers over 30 years of age than under, whereas the majority of mothers of live births in 1951 were under 30 years. In both series, the peak distribution of mothers by age occurs between 30 plete picture of the health of mothers of the patients in either series though some information was obtained (Table 1) . In series A 20% of the mothers and in series B 19 % were considered to be unhealthy. In series B, 161 mothers were asked about their menstrual history. The average age of the menarche was 13-5 years, a figure very similar to that of Edinburgh women (13 35 years) studied by Provis and Ellis (1955) . Menstrual irregularities were reported by only nine of the 161 mothers, findings which do not suggest that menstrual abnormalities occur frequently. The spacing of pregnancies, irrespective of their outcome, was studied. The intervals between pregnancies were measured from the time of delivery or abortion. The average time elapsing between pregnancies was found to be greater than that which elapsed between the pregnancies of mothers of children suffering from other types of cerebral palsy (Table 3) . There was a tendency in both series for pregnancies following the birth of the diplegic patient to be rather more widely spaced than those which preceded this birth. This difference in timing may be partly the result of increase in maternal age and decrease in fertility and partly due to contraception following the birth of an abnormal child. The most striking finding was that the lapse of time between the birth of the patient and the immediately preceding and subsequent pregnancies was very great when compared to the period between more remote previous and subsequent pregnancies. The mothers of patients with congenital and acquired hemiplegia showved the same tendency for contiguous pregnancies to be more widely spaced than remote pregnancies, but the differences were much less marked than with mothers of diplegic children (Table 3) .
When the timing of abortions alone was considered an interesting distribution was found. More than half the abortions in both series took place immediately before or immediately after the pregnancy resulting in the birth of the diplegic child. This distribution is significantly different statistically from that expected.
Contraception. In series B, 148 married mothers who were living with their husbands were asked about their contraceptive practices. Only 6-1% practised contraception in order to influence the spacing of their pregnancies, both before as well as after the birth of the diplegic child. Contraception was employed by 15-5% of parents only subsequent to the birth of the affected child. From these figures it is evident that contraception can only be incriminated in a minority of cases as a cause of the limited reproductive capacity of mothers of diplegic children. Pregnancies Resulting in the Birth of Diplegic Patients. The pregnancies and deliveries resulting in the birth of the diplegic child were more often complicated than the mothers' other pregnancies. Nevertheless a considerable proportion of diplegic patients were born after normal pregnancies. Taking both series together, between one quarter and one third of pregnancies resulting in diplegic patients showed no abnormality apart from premature birth.
Pregnancy, labour and delivery were considered separately and the proportion of abnormalities in each was noted (Fig. 3) .
The Other Pregnancies of Mothers of Diplegic Patients. Mothers in both series had a high proportion of disordered pregnancies, labours and deliveries not only with the patient but also with prior and subsequent conceptions. Only 53% of the multiparous mothers in series A and 50% in series B had other pregnancies, labours and deliveries which were all normal. The commonest abnormalities of pregnancy and parturition in both series FIG. 4 .-The proportion of abnormal pregnancies before and after the births of diplegic patients.
were threatened abortion, pre-eclampsia, antepartum haemorrhage, prolonged labour, forceps delivery, breech extraction and premature birth, several of which occurred in association in many cases.
No particular abnormality occurred strikingly often, relative to the incidence of the other disorders, but approximately 12% of all pregnancies in both series (other than those ending in abortion) resulted in the birth of premature infants. Pregnancies before and after the birth of the diplegic patients were separately analysed for abnormalities but no statistically significant differences were found. In both series between one quarter and one third of all pregnancies, labours and deliveries (other than those which terminated in abortion or in the birth of diplegic patients) were abnormal. When abortions are included, between one third and one half of other pregnancies were complicated (Fig. 4) .
The Fate of all Conceptions of Mothers of Diplegic Patients. The fate of all the known conceptions of mothers in both series was studied. It was found REPRODUCTIVE HISTORIES OF MOTHERS OF DIPLEGIC PATIENTS that a high proportion of them failed to result in the birth of healthy offspring, of average intelligence who survived the first year of life (Fig. 5) . In both series, about 10% of conceptions ended in abortion.
The combined stillbirth and infant mortality rate in series A was similar to that for the population in Scotland in 1951, but the combined rate in series B was almost twice as great in spite of the fact that so many mothers were in the social classes I and II (Table 4) .
From Fig. 5 it will be seen that in both series about half the offspring who survived infancy were abnormal, the majority comprising the diplegic patients. A considerable proportion of live born sibs suffered from mental and neurological abnormalities and developmental malformations, although full details about them were impossible to obtain. 
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The available information about both live and dead sibs is summarized in Table 5 . In series A two sibs suffered from cerebral palsy, neither of them being diplegic; in series B one sib suffered from diplegia and two from other kinds of cerebral palsy. It was interesting to find that there was no significant difference in the proportion of abnormal pregnancies, labours and deliveries resulting in the birth of normal sibs and those resulting in the birth of abnormal sibs including those who died in infancy.
When the conceptions which ended in abortion, stillbirth, infant death, and the birth of patients and their abnormal sibs are subtracted from the total conceptions, it is found that, in neither series did more than half result in the birth of healthy children of average intelligence. These figures represent a high foetal and infant casualty rate. Freud (1897) . Arguments based on the clinical and pathological findings to support this theory were offered vehemently by Collier (1899 Collier ( , 1923 . He was impressed by the remarkable symmetry of the neurological abnormalities, the pathological appearances, and by the frequency with which associated malformations were observed. He felt that 'diplegia' was more likely to be the result of either intrinsic failures of neuronal development or of processes of neuronal degeneration, than to be directly attributable to birth injury. A somewhat similar argument in favour of diplegia being due to cerebral maldevelopment more often than to birth injury was presented by Yannet (1944) . Stewart, however, emphasized the diversity of pathological appearances and thought that different aetiological agents were probably important in different patients though he thought that Collier's explanations were valid for a considerable proportion of cases (Stewart, 1942) . Recent studies have attempted to define two groups of diplegic patients. First, those with relatively uncomplicated paraplegia who tend to be born prematurely after pregnancies, labours and deliveries which were not disordered; second, patients with complicated diplegia (triplegia or tetraplegia), often with mental retardation and epilepsy who were more often born at term after disordered parturition (Childs and Evans, 1954; Polani, 1958 Polani, , 1959 Russell, 1960) . There appear to have been remarkably few attempts to discover if the mothers of diplegic patients do, in fact, show evidence of underlying abnormalities of reproductive capacity.
The findings in the present investigations support the thesis that mothers of diplegic patients may have underlying abnormalities of reproductive capacity. These are manifest in the paucity of their conceptions, the frequency with which there were disorders of pregnancy, labour and delivery and their tendency to produce poor quality or malformed offspring, many of whom died in infancy. The abnormalities of the offspring could not be related consistently to abnormalities of parturition for their pregnancies, labours and deliveries were no more often disordered than those of healthy sibs.
There is some evidence to suggest that the effects of possible underlying abnormalities of reproductive capacity are greater at the time of gestation of the diplegic patients than at other times. The periods of infertility immediately before and immediately after the birth of the diplegic child are greater than the periods which elapse between more remote previous and subsequent pregnancies. More of the contiguous conceptions end in abortion or are otherwise disordered than are pregnancies, labours and deliveries which are more remote.
The finding of a period of particularly impaired reproductive capacity at about the time of birth of the diplegic child allows a different interpretation than the usual one of high incidence of abnormal pregnancy and parturition resulting in the birth of diplegic patients. The temporary increase in the severity of the effects of the underlying abnormalities of reproductive capacity might be expected to result in a higher incidence of disordered parturition and also in a higher incidence of foetal abnormality. Therefore foetal abnormality (in this case, diplegia) and abnormal parturition would be likely to occur more frequently than in periods of greater fertility. On the other hand they would not be expected to be present together in all cases, for in some only parturition would be affected and in others the foetus would be abnormal but parturition uncomplicated. It seems easier to explain the quarter to one third of normal pregnancies, labours and deliveries resulting in the birth of diplegic patients in this way than to assume that severe birth injury occurred in them all, without clinical abnormality of parturition being apparent.
It is possible, however, to suggest a number of other interpretations of the findings. The underlying defect of reproductive capacity may not affect the foetus by causing diplegia directly. The effect may be to predispose the child to suffer arrest of cerebral development or neuronal fall out, should the natal or postnatal environment be the least unfavourable. Thus minor degrees of natal or postnatal hypoxia, which would not be damaging to normal healthy infants might cause marked brain damage in those who had been predisposed. It is possible to postulate that there are cases in which the foetus is only mildly predisposed to suffer from arrest of cerebral development or neuronal degeneration. In these, gross hypoxia or trauma during parturition would be required to cause brain damage. In more severely predisposed patients, however, relatively slight hypoxia or trauma during birth might be sufficient to cause cerebral abnormalities. Unfortunately it is possible only to speculate about the nature of these predisposing factors.
The nature and mechanisms of action of abnormalities of maternal reproductive capacity are also obscure. High maternal age is certainly important in causing diminished fertility, an increased prevalence of abnormalities of pregnancy and par-turition and an increased incidence of foetal malformation (Murphy, 1940) . A number of chronic illnesses, notably diabetes, thyrotoxicosis and gynaecological disorders, diminish fertility and have been thought to be associated with an increased incidence of foetal malformation and abnormalities of parturition. One-fifth of the mothers in the Edinburgh series were found to be suffering from chronic diseases, a high proportion of which affected the reproductive system but the way in which these disorders may have acted to cause foetal abnormality and disorders of the reproductive mechanism is largely unknown. Similarly it is impossible to assess the importance of abnormalities of male reproductive function or of mutating or recessive genes in the aetiology of diplegia on the basis of the present data. It may well be that the rapidly developing methods of genetic research may make fundamental contributions in this field.
Summary
The reproductive histories of 278 mothers of diplegic patients in two series were examined. Mothers of diplegic patients were older when they married than were women in the general population of Scotland. More were over 30 years of age when they gave birth to diplegic children than expected.
Mothers of diplegic children had fewer conceptions than married child-bearing women in the population of Scotland and their pregnancies were more widely spaced. A high proportion of their pregnancies aborted or were otherwise abnormal. Many of their offspring were stillborn, died in infancy or showed neurological or other defects if they survived. Less than half the conceptions resulted in the birth of healthy offspring who survived the first year of life.
There tended to be periods of relatively decreased fertility immediately before and after the birth of patients. Pregnancies contiguous to those resulting in the birth of diplegic children were more often abnormal than those which were more remote.
The findings are thought to provide some evidence in support of the theory that underlying abnormalities of the reproductive process in mothers of diplegic children, may be responsible for both disorders of pregnancy, labour and delivery and for the production of abnormal offspring.
